The research interests of the Hamblin Laboratory are broadly centered on the use of different kinds of light to treat many different diseases. Photodynamic therapy (PDT) uses the combination of dyes with visible light to produce reactive oxygen species and kill bacteria, cancer cells and destroy unwanted tissue. Likewise, UV light is also good at killing especially pathogens. By contrast, red or nearinfrared light can have the opposite effect, to act to preserve tissue from dying and can stimulate healing and regeneration. In all these applications, nanotechnology is having an ever-growing impact. In PDT, self-assembled nano-drug carriers (micelles, liposomes, etc.) play a great role in solubilizing the photosensitizers, metal nanoparticles can carry out plasmon resonance enhancement, and fullerenes can act as photosensitizers, themselves. In the realm of healing, single-walled carbon nanotubes can be electrofocused to produce nano-electonic biomedical devices, and nanomaterials will play a great role in restorative dentistry.
Introduction to PDT
Photodynamic therapy (PDT) is an emerging modality for the treatment of a variety of diseases that require the killing of pathological cells (e.g. cancer cells or infectious microorganisms) or the removal of unwanted tissue (e.g. neovascularization in the choroid or atherosclerotic plaques in the arteries). It is based on the excitation of nontoxic photosensitizers (PSs) by harmless visible light leading to the production of highly toxic reactive oxygen species (ROS) that kill cells [1] . Suitable PSs possess a high extinction coefficient in the far red or near-infrared spectral region and a high yield of the long-lived triplet electronic state (formed from the excited singlet state by intersystem crossing). The triplet state PSs has a sufficiently long lifetime to be able to react with the surrounding molecular oxygen by one of two distinct pathways. The type 1 pathway involves electron transfer to or from the triplet PSs that can lead to a variety of oxygen free radicals such as superoxide, hydroxyl radicals, and hydroperoxides. The type 2 pathway relies on the fact that molecular oxygen is a triplet in its ground state and, therefore, has a spin allowed interaction with the PS triplet, leading to both species changing to the singlet state. However, the excited state singlet oxygen ( 1 O 2 ) is a potent oxidizing agent. Figure 1 shows a Jablonski diagram and the resulting type 1 and type 2 pathways.
Nanocarriers in PDT
In order for PDT to be both effective and safe, it is crucial that the PS should be delivered in therapeutic concentrations to the target cells (such as tumor cells), while simultaneously being absorbed in only small quantities by non-target cells, thus, minimizing undesirable side effects in healthy tissues. There are two main obstacles to achieving this aim. First, most PSs have extended π-conjugation systems making the molecules highly planar and in addition the molecules tend to be highly hydrophobic, and therefore, most PSs stack up to form aggregates in an aqueous environment [2] . This aggregation process lowers the efficiency of the PSs, which must be in monomeric form to be highly photoactive. Second, the PSs that have been studied so far do not generally have a high specificity for tumor cells or a pronounced tumorlocalizing effect, making it difficult to target only the diseased tissue when applying PDT [3] . Many efforts have, therefore, been directed at designing delivery systems that can incorporate PS in monomeric form without diminishing its activity and without causing any harmful effects in vivo. The ability of nano-carriers to target tumors due to the enhanced permeability and retention (EPR) effect is also of great importance in PDT using nanoparticles [4] . Figure 2 shows how encapsulation of PS in nanoparticles can potentiate the PDT effects. These nano-delivery systems include many different lipid and detergent nanostructures (liposomes and micelles). In fact, these nanocarriers were routinely used in PDT before nanotechnology became a separate and rapidly growing area of specialization [5] . Several questions need to be answered in the design of nanoparticle delivery agents for PSs. First, should the PS be noncovalently encapsulated in the nanoparticle or covalently attached to it? If the PS is only noncovalently associated, it is likely to be released more easily and, therefore, better taken up into cells. On the other hand, the PS may be prematurely released in the serum before the nanoparticles has had a chance to accumulate in the tumor as is hypothesized to occur via the enhanced permeability and retention effect. Second, should the nanoparticles be biodegradable or not? If they are biodegradable, the material composition will be limited to lipids or certain polymers, while nondegradable nanoparticles may remain in the body for long periods of time, and this may lead to concerns of toxicity caused by the delivery vehicle and not the drug.
Fullerenes in PDT
Fullerenes are another allotropic form of carbon nanomaterial comprising a family of closed-cage carbon molecules, C n , where n = 60, 70, 72, 76, 84, and even up to 100. The molecules characteristically contain 12 pentagons and a variable number of hexagons arranged in a soccer ball structure. Many applications of fullerenes have been investigated including several in biomedicine [6] . The fullerenes are seen as potential PDT agents as they possess some favorable characteristics, which render them well suited as a photosensitizer [7] . Pristine C 60 is highly insoluble in water and biological media and, thus, forms nanoaggregates, which makes it poorly photoactive [8] . However, when fullerenes are functionalized with hydrophilic or amphiphilic functional groups, they become much more water soluble and can behave as PS [9] . Functionalization imparts a higher ability to photogenerate 1 O 2 , hydroxyl radicals, and superoxide anion, thus, making them potent sources of light-mediated ROS.
Fullerenes have several potential advantages as PSs compared to other structures such as porphyrins. Fullerenes are comparatively more photostable and are less easily photobleached compared to tetrapyrroles. Fullerenes can undergo photochemistry classified into both type I and type II pathways. Fullerenes can easily be chemically modified to tuning the partition coefficient and the distribution in a biological system. The main disadvantage of fullerenes is the fact that the absorption spectrum is in the UV and blue regions, rather than the red and near-infrared regions where tissue transmission of light is maximized.
Metal nanoparticles in PDT
Gold nanoparticles have been used in two ways in PDT [10] : first, as drug-delivery platforms in a similar manner to other inorganic nanoparticles, which can be enhanced by an additional photothermal effect [11] , second as surface plasmon-enhanced agents taking account of the nonlinear optical fields associated with very close distances to metal nanoparticles [12] .
Single-walled carbon nanotubes (SWCNT) in bioelectronic devices
An intriguing new use of single-walled carbon nanotubes (SWCNT) has emerged in the fabrication of nano-electronics that are needed for many implantable biomedical devices. Because (for obvious reasons) it is absolutely necessary to minimize the size of implantable bioelectronic devices, and also on account of the excellent electronic properties of SWCNT (conducting or semiconducting depending on the chirality), it was considered whether SWCNT had a useful role to play in nano-bioelectronics. Therefore, it became necessary to be able to deposit vertically oriented SWCNT in an ordered array on a semiconductor substrate. This challenging goal could be elegantly accomplished by a technique known as "nanoscopic lens electrofocusing" [13] . Using this novel approach, blood glucose sensors, implantable flow sensors, and nano-biofuel cells could all be demonstrated in proof-ofprinciple form.
Dental nanomaterials
During the last decade, nanotechnology has become an extremely active field of research in dentistry [14] . In dental materials, for example, the main purpose of nanotechnology is achieving better mechanical properties, higher abrasion resistance, less shrinkage, improved optical and esthetic properties and to provide antimicrobial properties, a very important attribute for nanomaterials that will be used in the mouth. There has been a long-standing discussion about the absence of antimicrobial action in resin-based restorative materials, and the desires have been expressed that the ability to kill oral microorganisms could be a key to extremely long-lived restorations. Moreover, nanotechnology is now being used in the production of a wider range of dental materials such as lightcured composites and their bonding systems, impression materials, ceramics, dental implant coatings, and bioceramics [15] . Although the realization is almost certainly far off in the future, discussion has already commenced on the design of "dental nanorobots" that could be used in a mouthwash and would circulate in the mouth repairing damage and protecting the teeth [16] . [17, 18] . Furthermore, he developed an interest in the field known as biosynthesis, or unraveling how plants and fungi synthesize secondary metabolites such as alkaloids and other natural products that have a potential as biopharmaceuticals [19] . Dr. Hamblin's postdoctoral research was in biosynthesis carried out in two laboratories in the UK: first with Prof. Michael Grundon at the New University of Ulster; he studied the biosynthesis of the fungal metabolite echinulin [20] and then with Prof. Buchanan at Heriot Watt University; he studied the biosynthesis of the antiviral antibiotics, pyrazofurin [21] and showdomycin [22] .
After periods of research at the University of Cambridge and the University of Leicester, Dr. Hamblin took up a Cancer Research Campaign Fellowship at Ninewells Hospital and Medical School at the University of Dundee. Here, he first was exposed to photodynamic therapy and other forms of phototherapy that would become his overriding research interest over the next 20 years. He devised synthetic routes to conjugates between porphyrin photosensitizers and proteins such as albumin, transferrin [23] , low-density lipoprotein, and high-density lipoprotein [24] that could target specific receptors on cancer cells and macrophages [3] .
In 1994, Dr. Hamblin joined Wellman Laboratories and initially worked with Dr. Tayyaba Hasan on targeted photodynamic therapy using photoimmunoconjugates Michael R. Hamblin (PIC) for treatment of ovarian cancer. He devised a novel synthetic method to attach the photosensitizer chlorin(e6) to antibodies via a poly-l-lysine (PLL) linker [25] that had the added advantage of being able to tailor the overall charge on the PIC from cationic through neutral to anionic [26] . These different charges on the PIC had interesting effects on the uptake and effectiveness of photodestruction of ovarian [27] , colorectal [28] , and prostate cancer [29] depending on the delivery route (intravenous vs. intraperitoneal). As a follow-on project to this work, Dr. Hamblin was the first to test conjugates between PS and PLL as highly active broad-spectrum antimicrobial photosensitizers [30] .
In 1997, Dr. Hamblin set up his own laboratory to work on two aspects of targeted PDT. PDT employs the combination of nontoxic dyes (called photosensitizers) and harmless visible light to kill unwanted cells and destroy tumors and other pathological tissues. He proposed that PDT could be applied to different medical problems from its conventional use as a cancer therapy. First, he devised a way to very specifically target scavenge receptors that are overexpressed on certain pathogenic phenotypes of macrophages (tumor-associated macrophages and alternatively activated macrophages in vulnerable atherosclerotic plaque). This tumor macrophage work led to several publications [31] [32] [33] . The atherosclerosis work also led to several publications [34, 35] .
Dr. Hamblin expanded on his original discovery of polycationic photosensitizer conjugates [34] [35] [36] [37] [38] [39] [40] to start a broad-ranging research program in antimicrobial PDT that has led to the Hamblin Laboratory becoming a world leader in this field [41] [42] [43] [44] . In 2001, Dr. Hamblin was awarded a NIH grant entitled "Photodynamic Therapy for Localized Infections," which has been continuously funded up to the present day and is now funded until 2018. Dr. Hamblin formed a collaboration, initially with Dr. Christopher Contag from the Stanford University and later with Xenogen Corp. that allowed his laboratory access to a range of genetically engineered bacteria that could be imaged by a bioluminescence camera. This innovation dramatically simplified the monitoring of localized infections in small animal models [45] and allowed the Hamblin Laboratory to produce a range of papers covering the use of PDT to treat infections in wounds [46] , abscesses [47] , burns [48] , and abrasions [49] . Many of these papers covered clinically relevant drug-resistant organisms such as MRSA [49] , Acinetobacter [50] , and Pseudomonas [51] .
In the last decade, the Hamblin Laboratory (in common with many biomedical research laboratories both in the USA and throughout the world) has become increasingly involved with nanotechnology and nanomedicine. Partly, this new research direction has been in response to the availability of new funding opportunities, but equally so, it has been due to the real benefits offered by the nanotechnology revolution that can improve so many different aspects of biomedical research.
Fullerenes
In 2004, the Hamblin Laboratory formed a collaboration with (the late) Dr. Tim Wharton who was a fullerene chemist at Lynntech Inc. in College Station, TX. Wharton prepared a series of cationic substituted C60 fullerenes that were able to photoinactivate various different microorganisms and were also highly effective at mediating PDT killing of tumor cells depending on the exact structure and particularly on the number of cationic groups attached to each C60 cage (see Figure 3) .
For instance, the monocationic BF4 was highly effective at the photoproduction of type 1 photochemistryrelated ROS such as hydroxyl radicals and had high efficacy Timothy Wharton at killing cancer cells [52] . On the other hand, the tri-cationic BF6 was able to act as a broad-spectrum photoantimicrobial agent, mediating efficient light-induced killing of Gram-positive, Gram-negative bacteria and fungal yeasts [53] . Both of these compounds were also able to mediate PDT of diseases in selected animal models [54] . BF4 was tested in a challenging mouse model of disseminated metastases originating from colon cancer. PDT using BF4 was able to provide a statistically significant increase in survival [55] . BF6 was tested in two mouse models of wounds that had been infected with highly virulent Gramnegative bacteria [56] . In the case of Proteus mirabilis, BF6-PDT saved mice from dying of the infection, while in the case of Pseudomonas aeruginosa, PDT could synergistically combine with a sub-optimal dose of antibiotics.
Dr. Hamblin then formed a collaboration with Prof. Long Y. Chiang from U Mass Lowell, MA. Long Chiang's laboratory focuses on the design and synthesis of carbon nano-structures. These include the near-infrared absorbing emerald green fullerenes for near-infrared sensing and imaging, near-infrared filter, and broadband photovoltaic devices. Another project involves the design and synthesis of multiphoton absorptive fullerene-fluorene Long Y. Chiang chromophores for nonlinear photonic sensor protection and optical limiting applications: the design and synthesis of starburst conductive conjugate-polymer molecular suprastructures using functionalized C60 as a molecular core for electronic nanodevices.
Chiang also works on the design and synthesis of hydrophilic molecular self-assembly of fullerenederived nanospheres as biologically active free radical scavenging agents, PDT drugs, and antibacterial agents (see Figure 4) . Several water-soluble C60 derivatives have been developed specifically as free radical scavengers in biological systems against ROS-induced diseases. The high efficiency of FC4S as a biophotonic compound in photodynamic therapy (PDT) against tumor and cancer cells, as shown in our recent in vitro and in vivo studies, established its platform in conjunction with the use of antibodies and peptides for targeting for potential therapeutic uses.
Chiang has devised a synthetic route to a range of fullerene derivatives characterized by a well-defined chain of 10 cationic charges. These compounds have been tested as photosensitizers to mediate the PDT of pathogenic microorganisms [57] , cancer cells [58] , and to treat mouse models of infectious disease [59] .
Carbon nanotubes
Shanmugamurthy Lakshmanan (Shan) is a postdoctoral research fellow in the Hamblin Lab. Shan has carried out research on electrophoresis deposition (EPD) of SWCNTs in narrow spatial windows in order to achieve nanoscale devices. A novel technique called the "nanoscopic lens" was employed along with EPD to produce a variety of 3D nano-structures in a controlled manner based on ioninduced focusing [13] (see Figure 5 ). This research has shifted the current ability to position nanoparticles on surfaces, to a new dimension of spatial control. The nanoscopic lens technique can serve as the foundation of a multifaceted technology for devices. The advantages are relatively easy setup and operation, CMOS compatible, cost effective, uses commercially available machinery, components, and substances. 
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Nanotechnology in PDT drug delivery
Most photosensitizers are highly hydrophobic and, therefore, their poor solubility and aggregation in aqueous solutions require the development of drug delivery systems for their administration. Nanotechnology not only may play an important role in the photodynamic activity of the photosensitizer by preserving its monomeric form thus maximizing the photochemistry that occurs upon photon absorption but also may tune the pharmacokinetics and tumor selectivity of the photoactive drug.
Ying-Ying Huang is an Instructor at the Harvard Medical School and has been a researcher in the Hamblin Laboratory for more than 5 years. Among a large number of research interests, she works on nanotechnology and drug delivery in PDT.
One study involved the investigation of a micellar nanodelivery vehicle for new synthetic stable bacteriochlorin photosensitizers prepared in the laboratory of Jonathan Lindsey from North Carolina State University [60] . Micellar delivery markedly improved the subcellular localization and made the compounds much more active in PDT (see Figure 6 ).
Ying-Ying Huang
Maria Garcia-Diaz spent a period in the Hamblin Laboratory in 2011-2012 during her PhD in Barcelona, Spain. She investigated the effects of the formulation on the photodynamic activity, localization, and tumor accumulation of the photosensitizer temocene against the P815 tumor both in vitro and in vivo after vascular or cellular targeting [61] . Temocene was administered in three different formulations: as free drug dissolved in PEG 400 -EtOH mixture or encapsulated into Cremophor EL micelles or into pegylated liposomes. Although aggregation of temocene was evident when delivered in the solvent mixture, the free drug showed the best in vitro response because cells were able to internalize the largest amount of photosensitizer. However, this formulation induced an immediate and acute toxic response when administered intravenously. On the other hand, the nano-carrier-based formulations showed high encapsulation of temocene in the monomeric Maria Garcia-Diaz state. Micelles led to a poor cellular internalization and, therefore, no photocytotoxic effect, whereas liposomes exhibited the highest killing activity per uptaken molecule in vitro. Interestingly, the micellar formulation showed the best in vivo response when used in a short drug-to-light interval resulting in a disruption of the tumor-associated vasculature. Liposomes showed the highest tumor extravasation after 24 h after injection and the best tumor selectivity; therefore, the liposomal formulation was found to be an efficient drug delivery system for a tumor cell targeting strategy. In this work, we demonstrated that the choice of nano-delivery vehicle could modulate and direct the photosensitizing agents to specific targets. albumin-chitosan core-shell nano-carrier for gene delivery was prepared [62] . On his return to Iran, he set up his own laboratory in the Iran University of Medical Science. There, he started investigations into the use of carbon nanotube (CNTs) in gene and drug delivery systems [63, 64] . Currently, the Karimi Lab is working on graphene and other nanoparticles such as plant proteins and structural proteins as drug and gene carriers in drug carrier design.
Nanotechnology in dentistry
The Hamblin Laboratory formed a collaboration with Prof. Dr. Alessandra Nara de Souza Rastelli from the Araraquara School of Dentistry, University of Sao Paulo State-UNESP, Brazil. Alessandra spent 6 months in the Hamblin Laboratory in 2014. In her laboratory in Brazil, she has set up a research program that looks at nanoparticles as critical components of nanocomposites, nanosolutions, nanofillers for drug delivery and antimicrobial nanoparticles, which may or may not be light activated for PDT as described above. Shown below is a preparation of silver/ zinc oxide nanoparticles that can be used as a topical antimicrobial preparation for oral and dental applications ( Figure 7 ).
Photoactive nanoparticles
Rakkiyappan Chandran is a PhD graduate research student in Nanoscience at the Joint School of Nanoscience and Nanoengineering, at the University of North Carolina, Greensboro, NC, USA. He works in the area of self-assembly of nanostructures and nanomaterials for drug delivery, bio-mimickry, and other biomedical application. He worked in the Hamblin Laboratory for 2 years (2012-2013) on novel antimicrobial agents, employing carbon-based nanomaterials like fullerenes and other upconverting nanoparticles (UCNPs) as photosensitizers. His current interested is to work on theranostic nanomaterials composed of fluorescent and photothermal agents, which possess both imaging and diagnostic property that provides a method for point of care treatment in clinical oncology. For in vivo implementation, the near-infrared (NIR) window has been Alessandra Nara de Souza Rastelli Rakkiyappan Chandran the focus for a majority of studies because of their greater light penetration. Therefore, having both fluorescent and photothermal agents with optical properties in the NIR provides the best chance of improved theranostic capabilities by utilizing nanotechnology.
Highlights of other important contributors and contributions to this field
There are a number of other world leading laboratories that have made major contributions especially in the area of nanotechnology and PDT. We can only highlight a few of these laboratories. Gang Zheng is a Senior Scientist at the Princess Margaret Cancer Centre, and the University Health Network in Toronto, Canada. He invented porphysomes, the first-inclass, all organic, and targetable nanoparticles with intrinsic multimodal photonic properties [65] . Porphysomes were highlighted by the Canadian Cancer Society as one of the top 10 breakthroughs in cancer research in 2011. They are self-assembled from porphyrin-lipid building blocks to form liposome-like nanoparticles (~100 nm diameter) that means the photoactive porphyrins are quenched and inactive until they reach their target in vivo, where the PDT active agents are liberated [66] . The Zheng Laboratory has also specialized in the preparation of lipoprotein-like nanoparticles: lipoprotein-like nanocarriers are a novel class of biocompatible, biodegradable, and multifunctional nanoparticles based on chemically modified lipoproteins or artificially engineered lipoprotein mimetics that can be used to deliver photosensitizers for PDT [67] . Ravindra K. Pandey is a chemist who is a Principal Investigator at Roswell Park Cancer Center at Buffalo, NY, USA. His research program covers many aspects of PDT and nanotechnology [68] . One of his goals has been to develop "multifunctional theranostic nanoparticles" that can carry out both tumor imaging using PET, MRI, and fluorescence and at the same time can mediate tumor therapy via PDT [69] . He also develops models for photosynthetic reaction centers [70] and deeply explores the chemistry of porphyrin-based compounds related to chlorins and bacteriochlorins [71] . Most of the PSs and tumor-imaging agents developed in his group are derived from naturally occurring chlorophyll-a and bacteriochlorophyll-a [72] . One of his compounds (HPPH) is currently in phase II human clinical trials [73] , and several more are in various stages of preclinical and toxicological studies.
Paras N. Prasad is a Distinguished Professor at SUNY at Buffalo who has collaborated with Pandey. His research interests cover the broad area of photonics. Photonics is emerging as a multidisciplinary new frontier of science and technology and is capturing the imagination of scientists and engineers worldwide because of its potential applications to many areas of present and future information and image-processing technologies. Nonlinear optics provide key operational functions needed for the implementation of photonics technology. His specific areas of interest include the preparation, processing, and theoretical modeling of photonic materials, including nonlinear optical effects in organic polymers [74] , laserinduced ultrafast processes in the condensed phase [75] , microstructures and dynamics within sol-gel-processed organic/inorganic hybrid materials [76] , and three-dimensional optical data storage [77] . In the PDT field, he is interested in investigating multifunctional nanostructured materials that can do both therapy and fluorescence imaging [78] and in particular in multiphoton processes and their applications to PDT [79] including upconverting rare earth nanoparticles [80] .
Dr [81] , as well as a nanoscale photon source [82] , a nanoscale voltmeter [83] , and a nanoscale viscometer [84] . In 2003, his pioneering study described the encapsulation of meta-tetra(hydroxyphenyl)chlorin or Foscan ® into silica nanoparticles for anti-tumor PDT [85] . They also published the encapsulation of methylene blue in ORMOSIL [86] , and recently, polyacrylamide-based (PAA) nanoparticles were engineered for the intracellular delivery of PDT agents [87] . He is currently working on nanoparticle-enabled intraoperative imaging and therapy.
Celine Frochot is a CNRS Research Director at the Reactions Laboratory and Process Engineering (LRGP) in Nancy, France. Her research interests lie broadly in the area of using nanoparticles to potentiate PDT. In particular, she has focused on targeting PS-loaded nanoparticles by conjugating additional ligands recognized by receptors that are overexpressed on tumor cells or other pathological tissue states. Examples of this approach have been the use of folate to target both free PS [88] and quantum dots [89] . Attaching the carbohydrate residue mannose can also target the mannose receptors, which are overexpressed on several cell types including some cancer cells [90] . Other targeting strategies have included neuropilin targeting [91] and RGD tripeptide targeting that are recognized by integrin α V -α 3 [92] .
Conclusions and future perspective
Although the literature is exploding with a plethora of new applications of nanotechnology in biomedicine (the new field of nanomedicine), it behooves us all to take a long and critical look at which applications will have a real and lasting impact on human health and which fall more readily into the class of "gimmicks."
In the PDT field, the introduction of liposomal benzoporphyrin derivative (also known as verteporfin or "Visudyne") in 2000 for the treatment of choroidal neovascularization secondary to wet age-related macular degeneration was an amazing success [93] . At its peak of sales, it was selling $US billions per year and saving the eyesight of countless people around the world. Although many researchers are developing a diversity of nano-carriers for PDT drug delivery, it appears that another success on that scale will be some time off.
For instance, considering the use of fullerenes in PDT, although it is highly interesting from a scientific and mechanistic point of view, it is probably rather unlikely to ever make it into the clinics in a big way.
Nanotoxicology is also still of great concern, especially with public interest groups. There have been many scary reports of unseen dangers stealthily accumulating in the environment due to injudicious use of nanomaterials [94] .
We believe the use of SWCNT in implantable nanodevices is just in its infancy. In particular, the design of brain machine interfaces, and implantable neuroprosthetic augmentations is poised to take off in a big way [95] . The long-term goal is to be able to "plug in some more memory" just as one would in a personal computer that was running slow. SWCNT will almost certainly have a role to play in the design of these types of devices.
Of all the medical specialties, the one where nanotechnology has arguably made the most impact is in dentistry. This is probably due to the long-standing use of engineered composite materials in restorative dentistry and the relatively easy access of the oral cavity compared to other organ systems [96] . Moreover, PDT is making an increasing impact as an antimicrobial treatment for periodontitis, endodontic sterilization, per-implantitis, and even caries [97] . These applications will almost certainly be potentiated by the correct design of nano-carriers to target the pathogen and spare the host cells.
